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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be converted to
metric (SI) units as follows:

Multiply By To Obtain

cubic feet per second 0.02831685 cubic metres per second

cubic yards 0.7645549 cubic metres

feet 0.3048 metres

feet per second 0.3048 metres per second

miles (U. S. statute) 1.609344 kilometres
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COLUMBIA RIVER ESTUARY HYBRID MODEL STUDIES

ENTRANCE CHANNEL TESTS

PART I: INTRODUCTION

Obj ectives

1. The hybrid model studies of the Columbia River estuary entrance were

performed to determine the effects of several potential improvement plans on

* navigation channel shoaling and tides, currents, and salinities in the estu-

ary. This report describes the plans tested and presents model results.

Background

2. The U. S. Army Engineer District, Portland, dredges about 4 million

cu yd (mcy)* of sediment from the Columbia River estuary entrance channel each

year. Hybrid modeling studies have been performed to provide information that

will help to design measures to reduce present shoaling rates and minimize

shoaling if the channel is deepened.

3. The tests described herein are part of a complete modeling program

for the estuary. Other work performed in support of this program is reported

* separately. McAnally and Donnell (in preparation) described the field data

collection effort, and Donnell and McAnally (in preparation) have analyzed a

portion of the field data. A detailed description of the modeling method and

verification of the entrance models is given by McAnally et al. (in prepara-

tion). Subsequent U. S. Army Engineer Waterways Experiment Station (WES) re-

ports will present results of other model studies of the estuary.

Modeling Technique

4. The Columbia hybrid modeling system developed at WES consists of a

large-scale physical model of the estuary, a numerical model for wave

*A table of factors for converting U. S. customary units of measurement to
metric (SI) units is presented on page 3.
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propagation, a numerical, two-dimensional hydrodynamic model (RI4A-2V), a nu-

merical, two-dimensional sediment transport model (STUDH), a number of analyt-

a ical techniques, and a data management system. The hybrid method employs each

of these tools in an integrated fashion to provide predictions of estuarine

behavior that are superior to those of any single model, and represents the

most sophisticated tool available today for solution of estuarine sedimenta-

tion problems.

S. Briefly, the hybrid method employed the physical model to predict

water levels and current velocities caused by tides, riverf low, and salinity-

* induced density currents. The numerical hydrodynamic model interpolated the

water levels and currents in space to provide input data to the numerical sedi-

ment model. The wave model refracted and diffracted deepwater ocean waves

k*. into the entrance area, and an analytical technique was used to predict long-

shore currents. Five combinations of waves and current data were used to

* drive the sediment model.



PART II: TEST DESCRIPTIONS

6. Fifteen entrance channel (Figure 1) plans were tested involving

three channel design depths--48, 55, and 60 ft--and several structural ar-

rangements. A summary of the plans is given in Table 1. Hydrodynamic, shoal-

ing, and salinity tests were performed for existing conditions and each plan.

.EACOCk V'.. . . .. . . . . . . . .

-N-.' "DISAPPOINTMENT - .AND :

NORTH JETTYS

.................. ............. .,-..•'-;?::.:•.•.

-O- RIVER MILE

SCALES

0 3000 FT
PROTOTYPE

0 6 FT

MODEL 11 T

Figure 1. Mouth of the Columbia River entrance channel

Test Conditions

7. All of the above tests were conducted with a mean tide (8.5-ft range

at the north jetty) and a source salinity concentration of 33.0 ppt. Freshwater

discharges at the upper end of the physical model (Columbia River mile 53)

varied in the early stages of plan testing from 140,000 to 550,000 cfs with

intermediate discharges of 220,000 and 300,000 cfs. North jetty plan testing

was conducted with each of the four above discharges; however, midway through

the south jetty test series it was decided (based primarily on time and cost)

to test with a single freshwater inflow of 300,000 cfs. Thereafter, all

hydraulic tests were conducted for only the 300,000-cfs freshwater inflow.

6
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All saiiytests reotdhri eeconducted with a 1000 sfeh

water inflow condition.

8. The sediment model was run for five events (combinations of hydro-Idynamic conditions that were used to produce a typical year's shoaling results.
6' The statistical derivation of the events and their accumulation into a year

* are described in the verification report (icAnally et al., in preparation).

*The base and plan tests were performed with the same set of events used in the

verification tests. The events were for a river discharge (at river mile 53)

of 300,000 cfs, a tide range of 8.5 ft at the north jetty, and wave conditions

shown in the following tabulation.

Wave Wave
Height Wave Period Duration

ft Direction sec days

-- None -- 139

10 SW 10 56

10 W 10 112

10 NW 10 57

20 SW 15 1

9. As was done in the model verification, each of the above events was

run separately in the numerical model, then the results from each were assem-

bled by the computer code ACE to yield a typical year's shoaling and dredging.

The physical and numerical models were tested with the design channel depth

(48, 55, or 60 ft) installed. Du~ring event accumulation by ACE, 2 ft over-

depth dredging was applied.

Plans Tested

48-ft channel tests

10. The existing 48-ft-deep (mliv) by 2,640-ft-wide channel along with

the existing north and south jetty conditions was installed during both veri-

fication and base tests. Neither the north nor south jetties have been built

to their full authorized length. Both jetties have suffered some deteriora-

tion resulting in still shorter lengths of continuous jetty. For the base

tests described here, the jetties were constructed to conform with conditions

surveyed in 1976. In addition to the base test (existing channel and jetties),

several proposed plans were conducted with the existing 48-ft channel

7



* condition. These included: (a) north jetty authorized length (Plan Al);

(b) north jetty degraded length (Plan A2); (c) south jetty authorized length

*| (Plan BI); (d) south jetty degraded length (Plan B2); (e) south jetty partial

. rehabilitation (Plan B3); and (f) two jetty B plans (Plans FO and FI). North

*- and south jetty plans are shown in Plates I and 2, respectively. North jetty

* Plan Al extended the existing jetty approximately 1,372 ft seaward, while

Plan A2 reduced the existing jetty length by about 597 ft. North jetty

. Plans BI and B3 extended the jetty seaward from existing conditions by about

- 3,497 ft and 1,745 ft, respectively. Plan B2 reduced the effective length of

*. the jetty by about 1,719 ft. The jetty B plans were as follows: (a) jetty B

with a crown elevation above mhhw (+18 ft mllw) and a length of 4,106 ft

(Plan FO); and (b) jetty B with a crown elevation submerged to elevation

-10 ft mllw and a length of 4,106 ft (Plan Fl). Dimensions and other infor-

mation on the above jetty B plans are shown in Plate 3. Jetty B is autho-

rized but not built.

*. 55-ft channel tests

11. The 55-ft channel study involved three deepening only plans

(Plate 4), one deepening and realignment plan, and three jetty B plans.

Plan CO was the basic 55-ft channel and varied from the authorized 48-ft chan-

nel only in depth. The second 55-ft channel (Plan Cl) was the same as Plan CO

" from the seaward end of the channel to mile 1, at which oint the channel be-

gan a transition from a 55- to a 48-ft depth. The transition from the 55-ft

depth to the 48-ft depth was achieved at a rate of a 1-ft decrease in depth

for every 200 ft along the channel axis, or a total distance of 1,400 ft (pro-

-i totype). Alignment and width remained the same as the authorized 48-ft chan-

• .nel. The third 55-ft channel plan (Plan C2) involved reducing the bottom

width from 2,640 to 2,000 ft. The reduction in width was achieved by filling

., 640 ft on the south side of the base 55-ft channel to the projected elevation

of shoaling that would occur without maintenance dredging.

12. The channel realignment plan (Plan 10) kinsisted of deepening the

channel to 55 ft along the alignment shown in Plate 5. The farthest seaward

bend in the channel (about mile 0.5) was moved 1,040 ft downstream and the

..* outer portion of the channel was rotated northward 2045'31''.

13. The first of three 55-ft channel jetty B tests (Plate 6) was with

the base 55-ft channel of Plan CO and the full height and a 4,106-ft-long

jetty B (Plan GO). The second 55-ft jetty B test consisted of the base 55-ft

8



* channel, a revised jetty B, and a groin (Plan Gi). The revised jetty B had a

crown elevation of -10 ft m11w and was 300 ft shorter than in Plan GO. The

1,533-ft-long groin was parallel to and 4,500 ft seaward of jetty B. The

third 55-ft channel and jetty B test (Plan G2) involved all the elements of

Plan G1, together with the authorized south jetty.

* 60-ft channel tests

* 14. Two 60-ft channel conditions were tested as shown in Plate 7--the

first or base condition was with the existing north and south jetty conditions

and no structures installed (Plan HO); the second plan was a 60-ft channel to-

gether with a full length, submerged (-10 ft mllw) jetty B and the authorized

south jetty (Plan HI). The alignment and width of the 60-ft channel were the

same as the 48-ft-channel base condition (Plan AO). The alignment, length,

and height of jetty B were the same as those in Plan Fl.

Model Revisions

Physical model

* 15. The various channel plans were installed in the physical model by

* molding, in concrete, the specified nominal channel depth and alignment. Side

slopes of 1V on 311 were used. Model jetties and groin were constructed of im-

permeable cement grout to design top elevations, side slopes, and alignments.

Numerical model grids

16. The several plans were represented in the wave model's uniform grid

by the appropriate channel depths at computation points along the channel, and

by representing structures as a line of land cells along the jetty alignments.

17. In the finite element grid (Figure 2) used by the numerical hydro-

dynamic and sediment models, the north and south jetties were represented as

impermeable walls with flow immediately adjacent to the jetty permitted to be

parallel to it (slip flow boundary). Elements near the ends of the north and

south jetties were rearranged for each plan test so that the jetty tips were

at the correct location as shown in Plates 1 and 2.

18. For the full height jetty B plans (Plans FO and GO), the jetty was

represented in the finite element grid by an impermeable wall with parallel

flow like that used for the north and south jetties. For the submerged

jetty B plans (Plans Fl, G1, and Hi), the jetty was represented by an addi-

tional row of water elements along the jetty alignment. Bottom elevations at

9
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Figure 2. Finite element grid for numerical models

the nodes of the row of elements were set to -10 ft mllw. Since the numerical

hydrodynamic model assumed that vertical accelerations were negligible and did

not represent the jetty as a sharply rising structure, an additional measure

was required to more properly represent the flow field over the jetty. The

equation for flow over a weir was set equal to Manning's equation for flow

across the row of jetty elements. The resulting expression was solved for

values of Manning's roughness coefficient at a range of flows. From inspec-

tion of the range of coefficients, a Manning's n of 0.05 was selected and

applied to the submerged jetty B elements for input to RMA-2V.

10



Miscellaneous Studies

* 19. The physical model was used to investigate several proposed plans

other than those entrance channel plans described above. Data resulting from

* -these miscellaneous studies were furnished to the Portland District office,

* .often with little or no analysis by WES personnel. Data collected from the

* following miscellaneous studies are on file in the Portland District office

and at WES and are not included in this report.

Price Island-Brookfield Dike study

20. Time-lapse photography of surface current patterns and subsurface

current velocity measurements were made to determine the optimum dike field

arrangement.

Chinook Dike study

21. Time-lapse photography was used to determine the effects on surface

current patterns in the vicinity of Chinook Dike and the east entrance to

Baker Bay as a result of removing Chinook Dike.

Dredge Biddle study

22. Time-lapse movies and photography were used to monitor and record

the position of the dredge Biddle at given intervals of time after it collided

with another ship, resulting in a loss of power and anchor. Tests were con-

ducted with the Biddle released at two separate locations at several different

times during the tidal cycle. The tide occurring at the time of the accident

and approximate wave conditions were reproduced in the model for the tests.

Ilwaco Channel Dike study

23. Surface current pattern photographs showed effects of removing one

groin and a section of another groin from the center of the Ilwaco Channel

Dike.

Sand Island Gap closure study

24. Sand Island Gap was closed with a dike and surface current pattern

photographs were obtained and compared with base conditions to determine the

effects of the closure on current velocities and patterns throughout Baker

Bay.

Dredged material disposal

area sediment tracer tests

25. Time-lapse movies were made to trace the movement of simulated

U dredged material from several presently used and proposed disposal areas.



Areas investigated in the model included the following: areas C, D, E, and T,

and proposed areas at jetty A, Tongue Point, and Astoria Bridge. Bottom depth

current speed and direction were measured at each site to help define the di-

rection of sediment movement from the sites.

-- 1
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r PART III: TEST RESULTS AND ANALYSIS

Data Presented

26. Results of the model tests are presented as comparisons between

*model plan data and model base data. Tidal elevation time-histories from the

* physical model are presented for the north jetty (node 392), near Point Adams

* (node 54), and near Chinook (node 849) as shown in Figure 3. Current veloci-

ties from the physical model are given for three depths at two stations

* (nodes 127 and 286) on the navigation channel prism lines at the mouth, up-

stream in the navigation channel at node 160, and in the northern side channel

at node 823--all shown in Figure 3. Minimum, maximum, and hourly salinities

* are presented for 14 stations (2-mile intervals) along the center line of the

* navigation channel, 8 stations along the thalweg of the north channel, and at

* 4 stations located in the entrances to Baker and Young's Bays. Salinity sta-

tions are also shown in Figure 3.

27. Bottom flow predominances for sta 127 and 286 are given in Table 2

* for each plan tested. The flow predominance is expressed as a percent of

* total flow downstream. This parameter is obtained by first integrating the

bottom velocity time-history to obtain the areas subtended by the ebb and

flood portions of the curve. The percent downstream is then computed as

100 times the ratio of the area subtended by the ebb portion of the curve to

the sum of the ebb and flood subtended areas of the curve. A value of 50 per-

cent indicates balanced ebb and flood flows, a value less than 50 percent in-

dicates predominantly flood flows, and a value greater than 50 percent indi-

cates predominantly ebb flows.

28. Shoaling results from the numerical model are presented in the form

of contour maps of bed change and volumes of shoaling material accumulating in

those elements making up the navigation channel in the computational mesh.I

The computational mesh and the pertinent elements are shown in Figure 4.

Hydraulic Results (Physical Model)

48-ft channel tests

29. Effects of the north jetty, south jetty, and jetty B plans on tidal

elevations and current velocities were meastired in the physical model at the

13
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NOTE: NUMBERED ELEMENTS DENOTENAVIGATION CHANNEL

Figure 4. Computational mesh with navigation channel elements

-stations shown in Figure 3. Data from all of these stations were used to

drive the numerical model, and data from a few are presented in Plates 8-19 to

illustrate plan effects.

30. North jetty plans. The three north jetty plans were so similar

that after checking tides and currents near the jetty to determine that

changes were minor, the physical model base test data were used at other loca-

tions to drive the numerical model for all three plans. Plate 8 shows that

tidal elevations at sta 392, the only station measured, were essentially sim-

ilar. Velocities at sta 286 (Plate 9) were also similar except for a brief

period at each strength of flood when Plan Al exhibited higher speeds than the

%-' 15
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base and Plan A2 tests. Velocities were not measured at sta 127, 160, or 823.

Bottom flow predominance for sta 826, shown in Table 2, did not change signif-

icantly in the north jetty plan tests.

31. South jetty studies. The three south jetty plans had minor impact

on tidal elevations (Plate 10) with discernible differences only at sta 392,

* where a slight rise in mean tide level was observed for the plans and Plan BI

exhibited a 30-min phase lag in the ebb phase following both high waters.

Sta 127 velocities (Plate 11) were not changed much except at the surface,

where ebb velocities were higher for Plan B2 and lower for Plans BI and B3.

Thus the two longer south jetty plans reduced surface ebb velocities at

sta 127. Velocities at sta 286 (Plate 13) showed effects of the plans, but

the only consistent difference was at middepth, where Plan B3 exhibited higher

ebb velocities. Sta 160 and 823 velocities were not affected by the plans.

Bottom flow predominance at sta 127 and 286 (Table 2) show only minor differ-

ences between the plans, as one would expect from examining the velocity plots.

32. Jetty B plans. Tidal elevations at sta 392 (Plate 15) were some-

what higher for Plans FO and Fl than for the base, similar to the south jetty

plans. The other stations were unchanged. At sta 127 (Plate 16), Plan FO

i exhibited consistently higher ebb velocities at both middepth and bottom while

Plan Fl showed virtually no change. At sta 286 (Plate 18) the only noticeable

differences were bottom ebb velocities lower than the base for both jetty B

plans. Sta 160 (Plate 17) showed no significant changes, ,t sta 823

(Plate 19) surface ebb velocities were markedly smaller than the base for both

Splans.

33. Plan FO caused a change in direction of the bottom flow predomi-

" nance (Table 2) at sta 127, increasing it from 49 percent downstream to 57 per-

cent downstream. In contrast, at sta 286 the bottom flow predominance de-

creased from 47 percent downstream to 33 percent for Plan FO and 40 percent

for Plan Fl. This indicates that both plans reduced the net seaward transport

of water in the north channel at sta 286.

55-ft channel tests

34. Hydraulic results for the 55-ft-deep entrance channel tests are

given in Table 2 and Plates 20-34.

35. Nonstructural plans. Plans CO, Cl, and C2 had negligible effect on

tidal elevations as shown in Plate 20. At sta 127 (Plate 21), Plans CO and Cl

exhibited only slight decreases in ebb velocity; whereas Plan C2, in which the

16



depth at sta 127 decreased, showed an expected increase in ebb velocities but

no real change in flood velocities. Sta 160 and 823 (Plates 22 and 24) ex-

perienced no significant change. Sta 286 (Plate 23) showed a slight reduction

. from base surface and bottom ebb velocities.

36. Bottom flow predominances (Table 2) did not change much at sta 127

and 286. Only the drop from 47 percent downstream to 35 percent at sta 286

for Plan C2 is large enough to demonstrate a definite change in flow.

37. Plan 10, the channel realignment plan, was plotted with the

H-series plans to reduce the number of pages. Tides for Plan 10, plotted in

*Plate 30, are changed from the base only at sta 392, where elevations precede

those of the base by about 1 hr and low waters are about 0.8 ft higher. There

• is no ready explanation for the phase shift, and considering the minor change

;- in the channel, this result may be in error. Plan 10 velocities at sta 127

!! showed increased bottom ebb velocities (Plate 31), sta 160 showed no change

(Plate 32), sta 286 (Plate 33) exhibited only minor differences, and sta 823

(Plate 34) experienced slightly increased velocities. As shown in Table 2,

Plan 10 had essentially no effect on bottom flow predominances.

38. Structural plans. Tidal elevations and velocities for the G-series

plans are plotted with Plan CO results in Plates 25-29 to demonstrate the ef-

fect of the structural changes (jetty B and groin). Tides (Plate 25) were

* virtually unchanged at the upstream stations, but at sta 392, Plan G2 can be

seen to shift tidal elevations forward by about 30 min and raise the elevation

of higher high water. This was not observed in the F-series tests (jetty B

with the 48-ft channel); therefore the change must be due to construction of

the nearby groin. At sta 127 (Plate 26), the only notable change in veloci-

* ties occurred with Plan GO, which increased ebb velocities at all depths, as

did Plan FO, the comparable 48-ft channel test. Similarly, at sta 286

(Plate 28), both Plans FO and GO reduced bottom ebb velocities. At sta 160

(Plate 27), no velocity changes were observed while at sta 823 (Plate 29), a

small reduction in surface and middepth ebb velocities occurred.

39. As shown in Table 2, Plan GO had essentially the same effect on -d

flow predominances as Plan FO--increasing the percent of total flow downstream

to 56 percent at sta 127 and reducing it to 31 percent at sta 286. Plans GI

and G2 had a minor impact on flow predominances.

60-ft channel tests

40. Hydraulic results of the 60-ft channel studies are shown in "
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I Plates 30-34. For the first time, tides at sta 54 and 849 are seen to have

been affected by a plan. As shown in Plate 30, there is a slight but consis-

tent increase in tidal elevations at both stations. At sta 392, plan eleva-

tions precede those of the base test by about 15 min, and the mean tide level

elevation was raised by about half a foot. Bottom and middepth velocities at

sta 127 (Plate 31) were reduced somewhat, particularly on ebb. Bottom and

middepth ebb velocities were increased very slightly at sta 160 (Plate 32).

At sta 286 (Plate 33), small differences in velocities were observed, with a

slight trend toward reduced magnitudes. Plate 34 (sta 823) shows that ebb

*velocities at the middepth and bottom were increased over the base by the

60-ft channel plans. Surface and middepth flood velocities at sta 823 also

were increased.

41. Table 2 shows that sta 127 flow predominances were reduced by the

H plans, with the lowest downstream predominance of any plan tested (38 per-

*: cent) recorded for Plan HO at that station. Sta 286 predominances were un-

* affected by the plans.

Salinity Results

42. Effects of the various plans on salinity conditions are presented

as time-averaged and extreme value profiles in Plates 35-76. Station loca-

" tions are shown in Figure 3.

48-ft channel tests

43. Effects of the north jetty, south jetty, and jetty B plans on sa-

linity values at 14 stations (2-mile intervals) along the center line of the

navigation channel, 8 stations along the thalweg of the north channel, and

4 stations located in the entrances to Baker and Young's Bays are shown in

Plates 35-55 and 70-76.

44. North jetty plans. Average salinities (average of surface, mid-

depth, and bottom depth over the entire tidal cycle) along the navigation

channel center line showed minor effects (Plate 35) resulting from the

A-series plans. The largest changes in average salinity occurred between

miles 2 and 10. Plan Al caused a small increase in average salinity values

(generally less than I ppt) from mile 2 to mile 6. The greatest increase was

about 1 ppt at mile 4. The greatest impact for Plan A2 was at mile 10 with a

1.6 ppt increase. Plan Al resulted in no salinity change upstream of mile 12,

18



I. z

but Plan A2 increased salinity by about 0.5 ppt from mile 12 to mile 18.

Plate 36, average (over the tidal cycle) salinity profiles for surface, mid-

* entrance area for both plans (somewhat more change with Plan AI), as surface

* and middepth salinities were increased slightly while bottom salinities were

decreased slightly.

45. Maximum and minimum salinity profiles (Plates 37 and 38) show, like

average salinit y values, that maximum effects occurred generally between

miles 2 and 10. Plan Al resulted in the greatest change--maximum salinity

values were slightly greater than base (48-ft channel), while minimum salinity

values were slightly lower than base. The upstream extent of salinity intru-

sion was unchanged by either plan.

46. Time and depth average salinity values along the thalweg of the

*north channel (Plate 39) showed a general increase of I to 2 ppt as a result

of the north jetty plans; however, no apparent increase in salinity was evi-

dent above mile 16. At two points along the channel, Plan Al showed small

* decreases in average salinity concentrations. Plan A2 effected a greater in-

crease than did Plan Al, particularly at the middepth and bottom elevations

* (Plate 40). Plan A2 maximum salinity values (Plate 41) were generally greater

than both base and Plan Al at middepth and bottom elevations, while generally

* less than base and Plan Al at the surface (thus indicating less mixing for

Plan A2). Very little difference was noted in minimum salinity values for

both plans; however, minimum salinities for Plan Al were generally less than

* those for base and Plan A2.

47. South jetty plans. Maximum effects of the south jetty plans, like

*those of the north jetty, occurred in the entrance area and upstream to about

mile 12. Time and depth average salinity values in the navigation channel

(Plate 42) with each of the three plans installed were generally slightly

greater than base conditions. Plan Bi (authorized length) resulted in average

salinity values at four stations along the channel center line being lower

than base conditions. Plan B2 resulted in two stations along the channel

center line having lower average salinity values than base, while Plan B3

* resulted in three locations along the channel having lower average salini-

ties than base conditions. Plan B2 generally resulted in greater increase in

average salinity, while Plan BI showed a lesser effect on average salinity

increases. Time average salinity data at the middepth and bottom elevations
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(Plate 43) showed that average plan salinity values seaward of mile 3 were

generally lower than base conditions, while at the surface depth, plan salini-

ties in this area were slightly higher than base. This indicates a small in-

crease in vertical mixing by the plans. Average salinities for each depth up-

stream from mile 3 to about mile 18 showed that surface values were generally

lower than base, while middepth and bottom values were generally higher. This

is an indication of increased stratification. Maximum and minimum salinity

values (Plates 44 and 45) followed the same general trend as shown by the

average salinity profile. The largest change (increased salinity) resulted

from the installation of the degraded jetty plan (B2). The upstream extent of

salinity intrusion was unchanged by any of the plans.

48. Time and depth average salinity values obtained along the thalweg

of the north channel (Plate 46) followed the same trend as salinity values ob-

tamned along the navigation channel center line upstream from mile 6. These

data again showed that average salinities (average of surface, middepth, and

bottom) resulting from each plan were generally greater than those observed

during base conditions. Time average salinities at each depth (Plate 47)

showed that each plan resulted in a general increase in average salinityI

values at middepth and bottom depths and a general decrease at the surface

depth. Maximum salinity values (Plate 48) generally demonstrated the greatest

increase with Plan B2. Minimum salinity values resulting from each plan were

influenced very little or in some locations were slightly lower than base

condition values.

49. Jetty B plans. Time and depth average salinity values (Plate 49)

along the navigation channel center line for Plans FO and Fl were generally

increased by 1 to 2 ppt throughout the lower 24 miles of the estuary. On the

other hand, time average surface salinities for Plan Fl (submerged jetty) be-

tween mile 6 to about mile 13 were decreased, generally by less than 0.5 ppt

(Plate 50). Plan FO time average salinity values decreased generally less

than 1.0 ppt at the middepth and bottom depth from mile -2 to 2. Maximum and

minimum salinities (Plates 51 and 52) along the channel center line generally

increased slightly. The most notable increase (2 to 6 ppt) occurred at the

bottom depth between miles 6 and 12 during occurrence of minimum salinity con-

centrations. The maximum extent of salinity intrusion was increased by less

than 1 mile.

50. Time and depth average salinity data along the thalweg of the north
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channel (Plate 53) reflected the same general trend as was observed along the

* navigation channel--average salinity values were slightly higher than base

(generally less than 2 ppt difference). Plan Fl, surface depth, was again the

I* notable exception as time average surface salinity values were lower than base

* . from the entrance up to about n.ile 13 (Plate 54). Data shown in Plate 54 for

* Plan Fl indicate a slight tendency toward increased stratification. Maximum

and minimum salinity values (Plate 55) were generally higher than base. How-

ever, maximum surface salinities for both plans were lower than base up to

about mile 13 at this depth. Little change was noted in minimum salinities at

* the surface and middepth but both plans did result in higher than base salini-

ties (2 to 6 ppt) at the bottom depth.

55-ft channel tests

51. Nonstructural plans. Average, maximum, and minimum salinities re-

sulting from the four nonstructural plans along the channels are shown in

Plates 56-62 and 70-76.

52. Time and depth average salinity values along the center line of the

navigation channel were increased by each C-series plan (channel deepening

only) upstream from about mile 1 (Plate 56), while average salinities seaward

of mile 1 were generally lower than those observed with the 48-ft base channel

condition. Average salinity values of Plans Cl and C2 when compared with

Plan CO (base condition 55-ft channel) were generally higher; however, excep-

tions were noted at several stations along the channel. The most notable re-

duction in average salinities occurred at mile -2, where Plan CO was 2 to

3 ppt lower than Plans AO (48-ft channel base condition), C.1, and C2. The

Plan CO average data at this station were influenced to a large degree by sa-

* linities measured at the surface depth (Plate 57). Surface salinity values at

this location were generally very erratic for all tests conducted, and even

more so with the 55-ft channels. This station, located about one-third of

the distance between the outer end of the jetties and the model headbay, is

* located in an area that was influenced to some degree by the boundary condi-

* tions in the model. In addition, no prototype data were available in the

area; therefore model salinity conditions were not verified there.

53. Plan C2 (55 ft deep by 2,000 ft wide) generally resulted in time

average surface salinities higher than average surface salinities with the

base 55-ft channel (Plan CO) installed (Plate 57), while Plan Cl (transition

channel from -55 ft to -48 ft) surface salinities were generally lower than
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Plan CO. Average middepth salinities showed that both Plans C1 and C2 were

generally higher than Plan CO. Effects on Plan Cl and C2 bottom salinities

with respect to Plan CO were opposite the effects observed at the surface. At

the bottom, Plan Cl was higher than Plan CO, while Plan C2 was generally lower.

This same trend was observed for maximum and minimum salinity observations

(Plates 58 and 59). Maximum and minimum salinity values were generally higher

than the base 48-ft channel condition throughout the length of salinity intru-

sion; however, there was no increase in the length of salinity intrusion for

any of the C-series tests.

54. Time and depth average salinities along the thalweg of the north

channel (Plates 60 and 61) for the 55-ft channel plans were generally I to

-. 2 ppt higher than the 48-ft channel base condition. However, at several sta-

tions, time average salinity values at various depths were observed to be

lower than base, particularly at the surface. Plan Cl an,! C2 depth and time

average salinities were generally higher than the base 55-ft channel salini-

. ties (Plan CO) in the lower reach of the north channel (miles 6 to 10) and

-- about equal or slightly lower in the upper reach of the north channel.

Plan Cl average salinities were generally slightly higher than those observed

with Plan C2 installed. Maximum and minimum salinity val.ues (Plate 62) fol-

lowed the same general trend as did average salinity values as bottom and mid-

depth salinity values were higher than base (48-ft channel). Maximum surface

salinity values were erratic as both higher and lower values were observed.

Plan Cl generally resulted in the greatest changes in maximum salinity values.

55. Data resulting from the 55-ft channel realignment plan (10) are

presented in the same plates as the 60-ft channel test data to conserve space.

Effects of the channel realignment plan on average, maximum, and minimum salin-

ity values are shown in Plates 70-76.

56. Effects of the realignment plan on depth and time average salini-

ties (Plate 70) show that the plan resulted in an overall increase of about 1
to 2 ppt from the entrance of the estuary to about mile 18, compared with the

* 48-ft channel base test. Plate 71, time-averaged salinities at the surface,

middepth, and bottom, shows that the greatest increase generally occurred at

middepth. A significant increase was indicated at the surface at mile -2 in

the entrance; however, as discussed previously, this station is located in the

.- - ocean near the model boundary and could possibly be reflecting the boundary

conditions rather than the plan. Average bottom depth salinities were ahout
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0.5 ppt higher than base throughout the length of the intrusion zone.

57. Maximum salinity values (Plate 72) were increased at both bottom

and middepth throughout the salinity intrusion zone by 1 to 3 ppt and 1 to

6 ppt, respectively. The upstream extent of salinity intrusion was not in-

creased, however. Surface depth maximum salinity values were lower than base

from about mile -1 to about mile 5, where they then become I to 4 ppt higher

than base up to about mile 12. Minimum salinity values at each depth were

generally slightly lower than or about equal to base conditions.

58. Depth and time average salinities along the thalweg of the north

channel (Plate 74) were increased as a result of the realigned channel. The

largest increase of about 3 ppt occurred at mile 14. The mean increase along

the north channel was 1 to 2 ppt. Similar to that observed along the naviga-

tion channel, the largest increase to salinities occurred at middepth

(Plate 75). The increased salinities at the middepth elevation were about
2 to 4 ppt along the entire length of salinity intrusion, while at the surface

and bottom elevations, average salinity values showed at most only very small

increases above base conditions and were occasionally lower.

59. Maximum and minimum salinities (Plate 76) followed the same trend

along the thalweg of the north channel as were observed along the navigation

channel. Greatest differences (increased salinity) occurred at the niddepth

and bottom during periods of maximum salinity. Increased maximum salinitj

. concentrations at middepth and bottom were about 1 to 4 ppt. Surface depth

* salinities were lower than base from about mile 6 to mile 10, where they then

became slightly higher than base conditions. Minimum salinities were generally

equal to or slightly lower than base condition values.

60. Plan 10, realignment plan, resulted in an increase in mixing in the

estuary, particularly in the middepth zone. This effect on mixing seemed to

have resulted in higher salinity concentrations in the middle portion of the

salinity intrusion zone. Salinity intrusion farther upstream could result;

however, the model results showed the distance would not be significant.

61. Structural plans. The effects of the three structural 55-ft chan-
nel plans on average, maximum, and minimum salinity values are shown in

Plates 63-70.

62. The overall effect of the three plans, when compared with the base

condition 55-ft channel, were very similar (Plate 63). Time and depth average

salinities between miles -2 and 0 were increased (I to 2 ppt); remained about
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Lhe same as base from mile 0 to about mile 2; and were lower (I to 2 ppt) than

base from about mile 2 to about mile 7, at which point they became higher

(1 to 4 ppt) than base upstream to about mile 18. Plan GO (full height

jetty B plan) effects were generally greater than the other two plans where

salinity increases were evident, and less where decreased salinity effects

* were evident. Plan GI (submerged jetty, 300 ft shorter than Plan GO) effects

were generally less than the other two plans where salinities were greater

than base, and greater where salinities were less than base conditions. The

maximum decreases in average salinities occurred at about mile 4 (generally

about 1 to 2 ppt) while the maximum increases occurred at about mile 14 (gen-

erally about 2 to 3 ppt).

- . 63. The decreases in salinities between miles 2 to 6 (Plate 64) were

* influenced primarily by the large decreases observed at the surface depth.

!liddepth and bottom salinities generally showed that each plan resulted in

very little change or small increases in this area. The large increases in

average salinity values appearing between mile 7 to the upper end of the in-

trusion zone were influenced primarily by the large increases at the middepth

and bottom. These data (Plates 63 and 64) show that either plan results in an

apparent increase in vertical mixing in the entrance and an increase in salin-

ity intrusion of 1 to 2 miles.

64. Maximum and minimum salinities (Plates 65 and 66) followed the same

general trend as shown by the time and depth average data (Plate 63). Maxi-

mum salinity values were influenced the greater amount at the surface, while

minimum salinities were affected most at the bottom. Maximum surface salini-

- * ties were decreased as much as 7 ppt (Plan G2) at mile 4, and increased as

* . much as 11 ppt (Plan GI) at mile 10. The.( reatest changes were 13 and 14 ppt

and occurred at about mile 14 during the occurrence of minimum salinity with

Plans GO and G2, respectively. Maximum bottom and minimum surface salinity

values were the least affected by either plan. Either plan would result in a

small increase in vertical mixing in the lower estuary (miles -2 to 6). Sa-

linity intrusion would be increased slightly, with Plan GO resulting in the

greatest increase.

65. Salinity data along the thaiweg of the north channel (Plate 67)

showed that time and depth average salinities for Plan GO followed the same

general trend as was observed along the center line of the navigation channel

upstream of mile 6--salinities upstream of this point to about mile 16 were
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higher than those observed for base conditions. However, Plans GI and G2

showed a reverse effect in the north channel as was observed along the naviga-

tion channel upstream from about mile 10 to about mile 18. Average salinities

in that reach of the north channel with Plans Gi and G2 oere decreased from

what was observed during base conditions, generally about 1 ppt or less.

Plan GO data at surface, middepth, and bottom (Plate 68) showed a general in-

crease in time average salinities at each depth, with small exceptions at

mile 8, surface depth, and at miles 6, 12, 16, and 18 at the bottom. The gen-

* eral trend observed in the north channel time average salinities at surface,

* middepth, and bottom elevations was similar to that observed along the naviga-

* tion channel, but Plans GI and G2 seemed to result in reduced salinity effect

farther upstream than was observed in the navigation channel. Largest effects

* from each plan occurred generally at about mile 8. Largest reduction in aver-

* age salinity occurred at the surface at this point, while largest increases

occurred at the bottom depth at this location. From data shown in Plate 68,

each plan resulted in a general decrease in vertical mixing from about mile 7

* to about mile 10. The upstream extent of salinity intrusion in the north

channel would be reduced about 2 miles by each of these three plans.

66. Maximum and minimum salinity values followed the same general pat-

tern as was observed for average salinity. The greatest increase (about 6 ppt)

in surface maximum salinities occurred at about mile 12 with Plan GO. The

* greatest decrease (about 3 ppt) at the surface occurred at mile 8 with Plan GI

installed. The greatest effect, a decrease in maximum salinity values at the

bottom, occurred at about mile 18. Here all plans showed maximum values al-

most 7 ppt lower than base values. Maximum values at the middepth reflected

* only small variations from base condition values. Minimum salinity values at

the surface and middepth were generally slightly higher than base. Bottom

depth minimum values were likewise generally higher with all three plans but

the magnitude of effects was greater than that observed at the surface and

middepth.

60-ft channel tests

67. The effects of the two 60-ft channel plans on average, maximum, and

minimum salinity values are shown in Plates 70-76. Each plan, compared with

* the base 48-ft channel, resulted in increased time and depth average salinity

values along the channel center line as shown in Plate 70. Plan HO (base con-

dition 60-ft channel) generally resulted in a greater increase to average
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salinities than did Plan HI (60-ft channel combined with submerged jetty B and

authorized south jetty). Average salinity values along the channel center

line with Plan HO installed reflected increases from I to about 4 ppt, while

Plan HI increases were on the order of 1 to 2 ppt. The largest increases with

each plan occurred between miles 10 and 16.

68. The overall increase in time and depth average salinity values

(Plate 70) was the result primarily of the large increase occurring at mid-

depth and bottom (Plate 71). Time average salinity values at the surface

depth were somewhat erratic as both decreased and increased average salinity

values were evident at stations along the navigation channel.

69. Maximum and minimum salinity values (Plates 72 and 73) showed the

greatest changes (generally increased salinity values) at middepth and bottom

-- for both plans. Effects of the two plans were very similar during the occur-

rence of maximum salinity; however, effects during the occurrence of minimum

salinity (low water) were quite different, particularly at the bottom.

Plan HO minimum salinity values at the bottom were generally 4 to 10 ppt

higher than base, while Plan HI minimum salinity values were lower than base

conditions from mile -2 to about mile 6, where they became equal to or

slightly higher than base conditions.

70. From the data shown in Plates 70-73, either of the 60-ft channel

plans would result in slightly increased salinity intrusion along the naviga-

tion channel. Plan HO would also result in a slightly more stratified salin-

ity condition along the navigation channel.

71. The effects of Plans HO and HI on time and depth average salinities

along the thalweg of the north channel were very similar to their effects at

stations located along the navigation channel upstream from mile 6 (Plate 74).

Each plan resulted in an overall increase in average salinity concentrations

, . of about I to 2 ppt. These increases were, as observed along the navigation

channel, influenced to a great degree by the rather large increase observed at

the middepth and bottom elevation (Plate 75). Greater increases in time aver-

age salinity occurred with Plan HO than with Plan Hl at the middepth and bot-

tom, but salinities for Plan HO were less than for Plan HI at the surface.

This same trend was observed at stations along the navigation channel. Also

similar to the trend observed along the navigation channel, greatest effects

in the north channel occurred between miles 10 and 16. Plan HO again resulted

in the greatest increases except at the surface depth. Average surface
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* salinities for Plan HO were less than base condition concentrations from about

* miles 6 to 10 and greater than base from about miles 10 to 18. Plan HI aver-

age surface salinities were generally about the same as, or slightly higher

Jthan, base conditions. Average salinities at middepth and bottom with Plan HO

were generally about 2 to 4 ppt higher than base up to about mile 18, where

they became about equal to base condition values. Plan HIl average salinities

at middepth and bottom were generally about 1 to 3 ppt higher than those ob-

served for base conditions. Stratification was increased somewhat by Plan HO.

72. Maximum and minimum salinity profiles (Plate 76) followed the same

* general trend as that observed for the average salinity data in the north

channel. Differences in maximum salinity concentrations were generally on the

same order of magnitude as those observed for average salinity data. The

* largest increase in salinities was observed with Plan HO at the bottom depth,

during the occurrence of minimum salinities, where minimum salinity values

* were generally about 4 to 6 ppt higher than those of the base or Plan HI. The

extent of salinity intrusion was reduced by about a mile by Plan HO but un-

* changed by Plan Hl.

Shoaling Results (Hybrid Model)

73. Results of hybrid shoaling tests are presented as dredging volumes

distribution and as shoaling pattern maps for the entrance. Table 3 summa-

rizes the dredging volume requirements of all the plans, showing the volume

distribution by river mile, the total dredged volume, and the dredging index

for each plan. The dredging index is the total dredged volume for a plan di-

vided by the total dredged volume for the base test. Figure 4 shows the ele-

ments making up the navigation channel in the area of interest. The dredged

volumes shown in Table 3 are the sum of volumes in the cross-channel row of

elements located at the designated river mile. The channel element lengths

vary somewhat; therefore volumetric comparisons between the element row sums

may not be directly proportional to depth of deposition. Dredged volumes are

the quantities of material accumulating within the channel prism lines above -

a plane that is 2 ft deeper (overdepth) than the nominal, or design, depth.

Thus the volumes reflect perfect maintenance of the design channel with 2 ft

of overdepth.

74. Tables 4-20 show each plan's dredging volume breakdown by channel
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segment as well as by river mile. The channel is divided into three rows of

elements, with the northern row (elements 76-83, see Figure 4) covering the

left quarter, the center row (elements 59-66) covering the center half, and

the southern row (elements 42-49) covering the right quarter of the channel.

Prototype dredging volume distribution across the channel was not available;

therefore the model was not verified to reproduce this effect accurately. The

data have been presented because of their potential usefulness but should be

used with care.

75. Shoaling patterns for the entrance area under base (existing condi-

tions, Plan AO) are shown in Plates 77 and 78. Because of scanty field data,

only the navigation channel and a narrow band on either side of it were veri-

fied to reproduce prototype scour and fill patterns. Outside the verified

area the results should be viewed with some caution and used primarily to com-

pare the plans. The shoaling verification is described in detail in McAnally

46- et al. (in preparation).

48-ft channel tests

76. Effects of the 48-ft channel plans are given in Tables 3-11 and

Plates 77-87.

77. North jetty plans. Tables 3-6 and Plates 77-80 show that varying

the length of the north jetty had very little effect on the total dredged vol-

ume. Increasing jetty length by more than 1,300 ft (Plan Al) decreased the

total volume by only 2 percent, principally between miles 0.5 and 1.5. This

agrees with the previous physical model study (Herrmann and Simmons 1966)

which predicted that restoration of the jetty's full length would reduce chan-

nel shoaling by only about 5 percent. Permitting the jetty to degrade some-

what further (Plan A2) did not change required dredging from that for Plan AO.

78. Examination of the shoaling pattern maps (Plates 78 and 79) shows

that extending the north jetty caused the zone of deposition on the seaward

end of the channel bend to be reduced somewhat from the base, and the pattern

immediately around the jetty to also change. Differences between the base and

the degraded jetty plan (Plate 80) were minor.

79. South jetty plans. Plates 81-84 illustrate the shoaling effects of

Plans Ri, B2, and B3. None of the three plans effected a reduction in dredged

volumes, with the smallest increase, 10 percent, occurring for the shortened

jetty (Plan B2). In the previous physical model study (Herrmann and Sinmmons

1966), a plan (Plan 2) similar to Plan B2 showed a potential 18 percent
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reduction in channel shoaling. Plans BI and B3, jetty lengthening plans,

showed dredged volume increases of 50 percent and 20 percent, respectively.

Most of the increase occurred between miles 0.5 and 1.5. These results sug-

gest that the jetty length for minimum dredging lies between that of Plans BI

and B3.

80. The shoaling pattern plots (Plates 82-84) for the B series plans do

not reveal any dramatic changes in pattern from the base condition (Plate 78).

They do show a slight expansion of the deposition zone at about mile 1.5 for

Plans BI and B3, which is consistent with the dredged volume increase observed

in that area.

81. Jetty B plans. Both of the tested jetty B plans (Plate 85) caused

a substantial increase in dredged volume over base conditions. The full

height jetty (Plan FO) resulted in significantly larger volumes in the area

from mile 0 to -1 even though it reduced volumes somewhat in the immediate

area of the jetty. Submerging the jetty (Plan F1) resulted in a less harmful

effect in the outer portion of the channel but increased shoaling upstream

near the jetty. It can be hypothesized that submerging the jetty caused less

of an energy loss due to the sudden expansion of flow downstream of the jetty,

but it is not obvious why shoaling would increase off the tip of the jetty as

-* occurred for Plan Fl at mile 1.8.

82. In an earlier, physical model study of jetty B, Herrmann (1974)

found that a longer jetty B located upstream of the location tested here would

reduce shoaling by about 30 percent. All of the decrease was located landward

of mile 1 and shoaling did increase at mile 0, as occurred in the tests re-

ported here.

83. It is interesting to note that the shoaling pattern maps (Plates 86

and 87) suggest that both jetty B plans pushed the depositional zone of Clat-

sop Spit betweeri the channel and south jetty back toward the south jetty.

This, plus the earlier tests showing that a jetty B could reduce shoaling some-

what, suggests that a structure might help the channel shoaling problem at

mile 0, if the best alignment and length could be found.

55-ft channel tests

84. Results of shoaling tests for a 55-ft-deep entrance channel are

given in Tables 3 and 12-18 and Plates 88-97.

85. Nonstructural plans. Results of channel deepening without struc-

tural modifications showed substantial increases in dredged volumes for the
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55-ft channel aver the 48-ft channel. Plan CO, the simple deepening plan,

doubled the dredged volume, with the biggest increases coming in the zone be-

tween miles 0.5 and 1.5. Reducing channel depth upstream of mile 1 (Plan Cl)

reduced the volume increase from that point upstream but increased it in the

seaward direction. It appears that extending the depth breakpoint seaward to

about mile 0.5 would help substantially. The narrower channel of Plan C2 re-

sulted, as expected, in a substantially lower dredged volume than Plan CO. It

still represents a 30 percent increase in volume over the base test, but

nearly all of the increase is in the landward part of the channel, upstream

from mile 0.5.

86. Plates 89-91 illustrate that the area of heaviest deposition ex-

pands upstream for all the C-series plans. Plan C2 does not significantly

alter the entrance geometry and succeeds in keeping the dredged volume down

only because so much of the dredged volume occurs on the south side of the

full-width channel (compare Tables 12 and 14).

87. Results of Plan 10 (realigned channel) are compared with the base

and Plan CO in Plate 92 and the Plan 10 shoaling pattern map is Plate 93.

Plan 10 resulted in an even larger increase in dredged volume (160 percent)

over base conditions than did Plan CO. The additional increase over the base

occurred at every row of elements; reasons for this result are not known. Ex-

amination of the shoaling pattern map (Plate 93) shows some variation in depo-

sition patterns, notably a large area of Plan 10 deposition in the channel at

about mile 0.5 and between the channel and south jetty. Most of the increase

compared with Plan CO occurred in the center half of the channel (compare

rabies 12 and 15).

88. Structural plans. Results of the G-series plans, involving various

structural modifications co the 55-ft channel plan, are shown in Tables 3 and

16-18 and Plates 94-97. Plans GO and G2 resulted in modest reductions in total

dredged volumes fr~om the base 55-ft channel condition (Plan CO); but Plan GI

increased them. Plans GO and G2 significantly reduced volumes upstream of

mile 1. Comparison of shoaling patterns (Plates 95-97) with those of Plan CO

(Plate 89) shows that the jetty B substantially reduces the channel shoal up-

stream of about mile 1.2 in Plan GO, and in Plan G2 to a lesser extent. Both

plans show a retreat of the upstream end of the Clatsop Spit shoal. In con-

trast, Plan G1, with the authorized south jetty, shows renewed channel shoal-

ing up to about mile 1.8 (actually somewhat greater than for Plan CO).
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Plan GI, like the other jetty B plans, results in a reduction of the Clatsop

Spit shoal.

60-ft channel tests.

89. Results for the H-series of tests are shown in Tables 3, 19, and 20

and Plates 98-100. The 60-ft-deep channel is seen to dramatically increase

dredged volumes over the 48-ft channel, with shoaling indices of 2.8 and 3.0

for Plans HO and HI, respectively. Volumes increased at every channel mile,

but the largest absolute increases occurred upstream of mile 0.5.

90. Shoaling patterns (Plates 99 and 100) are quite similar to that of

Plan CO (55-ft channel). The most notable increase in deposition occurred ad-

jacent to Clatsop Spit.

91. Addition of a submerged jetty B (Plan Hi) caused a slight increase

in channel dredging for the 60-ft channel, a consequence consistent with

Plan Fl results (compared with the 48-ft channel base test), although at a

magnitude of 12,000,000 cu yd the absolute results are probably not suffi-

ciently reliable to distinguish relatively small differences in volume.

-* Effect of channel depth on dredging

92. Plate 101 illustrates the effect of progressive channel deepening

on predicted dredging volumes. Increasing the depth from 48 to 55 ft doubled

the total dredged volume from 4.4 to 8.7 mcy, and increasing the depth to

60 ft raised the volume to 12 mcy. The peak dredging volume shifted upstream

-. from about mile 0.6 for the base to mile 1.2 for the 55- and 60-ft channels.

" Similarly, relative increases in volume were larger in the upstream direction

(excluding mile -1.8, where negligible dredging occurred for the 48-ft chan-

nel). This trend is consistent with the notion that salinity intrusion, and

thus the zone of increased shoaling, will move upstream as a channel is

deepened.

93. Figure 5 compares the variations in total dredged volume from the

model tests with prototype experience. The model results, for actual channel

depths (including overdepth) from 50 to 62 ft, fall almost on a straight line.

*. The prototype volumes are average dredged volumes over three periods in which

different channel depths prevailed. The range of channel depths indicates the

range of controlling depths during most of each period. The ranges for the

latter two prototype periods are consistent with the curve given by the model

results. Since the prototype volumes do not reflect perfect maintenance of

the design channel, the degree of correspondence is quite good in the range of
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13 - HYBRID MODEL TEST
RESULTS

12 -4 AVERAGE PROTOTYPE
VOLUMES 1946 -1955

11 DO AVERAGE PROTOTYPE
VOLUMES 1959-1975

10 AVERAGE PROTOTYPE
VOLUMES 1976-1979

9
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0
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CHANNEL DEPTH, FT

NOTE: PROTOTYPE DATA FROM ANNUAL REPORTS OF
THE CHIEF OF ENGINEERS, 1946 - 1979 AND
CHANNEL CONDITION SURVEYS 1972 - 1979

% Figure 5. Variation of dredged volumes with channel depth

46 to 51 ft. The shallower channel depth volumes for 1946-95dnofaln

an extrapolated model results line; but they would not be expected to since

the equilibrium channel depth (zero maintenance) was on the order of 20 ft

(Office, Chief of Engineers 1910) giving the lower portion of the curve a non-

linear shape.

94. It is probable that there exists an annual maximum dredging volume

which could not be exceeded, no matter how deep the channel was dredged.
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These model results indicate that that volume is at least greater than 12 mcy.

It has been suggested that the maximum possible shoaling volume is limited by

supply to 4 or 5 mcy/year, based on an analysis of dredged volumes and bed

changes from 1976 to 1980. This estimate is believed to be low.

95. The entrance accumulates sand from upstream supply and entrapment

of littoral drift. Estimates of the quantity of material in transport are

highly approximate but give some indication of the supply of material avail-

able for deposition. Hickson (1961) estimated that the river's suspended load

passing through the entrance was 8 mcy/year. Assuming that 10 percent or less

of this material is sand (Hubbell, Glenn, and Stevens 1971) and adding that to

Hickson's estimate of 3.5 mcy/year bed load yields a total bed material load

of about 4.0 mcy/year from upstream. This agrees with Hickson's estimate of

4 mcy/year accumulating on the outer bar.

96. Lockett (1963) analyzed hydrographic surveys of the areas north and

south of the entrance for 1877 and 1926, the period in which the jetties were

built. He found that during the 50 years, accretion to the north of the mouth

averaged 3.7 mcy/year while erosion to the south averaged 7.5 mcy/year. Dur-

ing the subsequent 32 years, accretion and erosion in each of those respec-

tive areas averaged about 4.1 mcy/year. After an initial deepening following

each episode of jetty building, progressive infilling of the entrance channel

continued during these periods. This suggests a net littoral transport of at

least 4 to 8 mcy/year at the mouth of the Columbia. The gross amount (total

northward movement plus total southward movement) moving past the entrance

after completion of infilling behind the jetties would be substantially more

than this.

97. Taking 4 mcy/year as a minimum net littoral transport rate and add-

ing it to Hickson's estimated 4 mcy/year upstream sand supply results in a

minimum total supply of about 8 mcy/year. If these estimates are correct, the

maximum possible shoaling rate must be in excess of 8 mcy/year. Since these

are net rates of transport, they are definitely not an absolute upper limit on

deposition rate. For example, if the navigation channel were a perfect sedi-

ment trap, all of the back and forth moving material that strayed into the

channel during a tidal cycle would deposit and the rate could be half an order

of magnitude greater.

98. From these analyses and the 12 mcy/year model results for the 60-ft

channel, it is probable that the maximum possible shoaling rate is in excess
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of 12 mcy/year. Note that this is not the same as concluding that the 12

mcy/year shoaling rate is correct; it merely establishes that such a volume

is within reason. Model results may be too high, since the models become

progressively less reliable as conditions (e.g. channel depths) become less

like those under which the model was verified.

..
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PART IV: CONCLUSIONS

99. Sixteen plans and the base conditions of the mouth of the Columbia

River were tested with the Columbia Hybrid Modeling Systemn. Seven of the

plans consisted of attempts to reduce shoaling in the existing 48-ft-deep nav-

igation channel. The rest of the plans consisted of 55- and 60-ft-deep en-

trance channels and structure plans. Data were collected to define plan ef-

fects on tidal elevations, current velocities, bottom flow predominance,

salinities, shoaling patterns, and maintenance dredging volumes.

100. Tidal elevations were affected to only a slight degree, except for

localized effects near the plan structures. The most significant change was

small increase in mean tide levels at sta 54 and 849 in the 60-ft channel

tests.

101. Effects of the plans on current velocities were subtle--current

speed rarely changed by more than 1 fps--and changes were primarily reflected

in the bottom flow predominances. The full height jetty B increased ebb pre-

dominance on the south side of the channel and decreased it on the north side.

Channel deepening caused a decrease in ebb predominance on the south side.

102. Plans for the 48-ft-deep channel had relatively minor effects on

salinity intrusion. Mixing within the entrance was altered somewhat, but most

changes were within 2 ppt and were limited to the area downstream of mile 12.

The 55- and 60-ft channel plans increased salinities 1 to 6 ppt over those of

the base test, and the changes occurred up to about mile 18. 4

103. Of the several plans tested for the 48-ft channel, only lengthen-

i" ing the north jetty reduced dredging volumes below base test values. Extend-

* ing or shortening the south jetty or construction of either of the two jetty B

plans increased dredged volumes. The 48-ft channel test results suggest that

(a) between the authorized and degraded south jetty lengths there is a length

near present conditions that minimizes maintenance dredging and (b) there is

probably a jetty B location and design that will redue dredging quantities.

These observations are consistent with previous, f .,et-bed model results.

104. Deepening the channel to 55 ft doubled u'edgd volumes from the

base test; narrowing the maintained channel, tapering :hf depth back to 48 ft,

and two structural modifications reduced the 55-ft channel dredging require-

ments somewhat. The structural modifications reduced shoaling mainly on the

upstream end of the deposition zone.
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105. Deepening the channel to 60 ft almost tripled the dredged volume

from the base test. The only structural modification tested was not effective

in reducing shoaling for the 60-ft channel.

106. The relationship between channel depth and required dredging was

nearly linear in these tests. On the lower end of the depth scale, those

depths for which the models were verified, the agreement with prototype trends

is good. The magnitude of the dredging increase for the 60-ft-deep channel is

so large that model verification may have been strained. If so, the actual

increase might be considerably different. However, analysis of other data

shows that the 60-ft channel tests result of 12 mcy/year does not exceed the

probable -otal sediment supply to the entrance.

N

3

-
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Table I

Entrance Channel Plan Conditions

Plan Channel Structures

AO 48 x 2,640 ft Existing

- Al Existing plus authorized north jetty length

A2 Existing plus shortened north jetty

B1 Existing plus authorized south jetty length

B2 Existing plus shortened south jetty

B3 Existing plus partially rehabilitated
south jetty

FO Existing plus full height, 4,106-ft-long
jetty B

Fl Existing plus submerged, 4,106-ft-long
jetty B

CO 55 x 2,640 It Existing

Cl 55 x 2,640 ft Existing
from mile I
to mile -2

48 x 2,640 ft
from mile 1
upstream

C2 55 X 2,000 ft Existing

10 Realigned Existing
55 x 2,640 ft

GO 55 X 2,640 ft Existing plus full height, 4,106-ft-long
jetty B

GI 55 x 2,640 ft Existing plus submerged, 3,806-ft-long
jetty B and groin near end of north jetty

G2 55 x 2,640 ft Existing plus submerged, 3,806-ft-long
jetty B, groin near end of north jetty,
and authorized south jetty

HO 60 x 2,640 ft Existing

HI 60 x 2,640 ft Existing plus submerged, 4,106-ft-long
jetty B and authorized south jetty

[-

K
h °".



i. + .- . . .. . ., . .- .+ +-

Table 2

Bottom Flow Predominance

Percent Total Flow Downstream

Plan Sta 127 Sta 286

Base (AO) 49 47

Al 41

A2 47

BI 47 47

B2 51 51

B3 47 53

FO 57 33

Fl 50 40

CO 44 44

Cl 48 40

C2 52 35

GO 56 31

GI 47 43

G2 49 47

10 52 43

HO 38 46

HI 41 48

*Not measured.
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Table 4

Plan AO Dredging Volumes, Millions of Cubic Yards

River Mile North 1/4 Center 1/2 South 1/4

1.9 0.16 0.07 0.06
1.2 0.41 0.32 0.18
0.6 0.32 0.44 0.34
0.0 0.13 0.29 0.19
-0.8 0.21 0.50 0.28

-1.3 0.09 0.19 0.11
--1.8 0.01 0.00 0.00

Total* 1.3 + 1.8 +1.2

Table 5

Plan Al Dredging Volumes, Millions of Cubic Yards

River Mile North 1/4 Center 1/2 South 1/4

1.9 0.16 0.09 0.07
1.2 0.31 0.27 0.19
0.6 0.19 0.36 0.32
0.0 0.12 0.27 0.17

-0.8 0.16 0.48 0.31

-1.3 0.09 0.19 0.13
-1.8 0.28 0.01 0.01

Total* 1.3 + 1.7 +1.2

Table 6

Plan A2 Dredging Volumes, Millions of Cubic Yards

River Mile North 1/4 Center 1/2 South 1/4

1.9 0.15 0.08 0.05
1.2 0.39 0.35 0.18
0.6 0.32 0.48 0.35
0.0 0.12 0.28 0.19

-0.8 0.21 0.48 0.26

-1.3 0.08 0.17 0.11
-1.8 0.01 -- 0.00

Total* 1.3 + 1.8 + 1.1

I
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Table 7

Plan BI Dredging Volumes, Millions of Cubic Yards

River Mile North 1/4 Center 1/2 South 1/4

1.9 0.27 0.18 0.12
*-1.2 0.64 0.65 0.34

0.6 0.51 0.74 0.49
0.0 0.19 0.35 0.19
-0.8 0.25 0.59 0.34

-1.3 0.10 0.21 0.14
-1.8 0.04 0.02 0.01

Total* 2.0 + 2.7 + 1.6

Table 8

Plan B2 Dredging Volumes, Millions of Cubic Yards

River Mile North 1/4 Center 1/2, South 1/4

-. 1.9 0.18 0.10 0.04
1.2 0.50 0.44 0.16
0.6 0.41 0.55 0.32
0.0 0.16 0.32 0.19

-0.8 0.22 0.54 0.32

-1.3 0.08 0.18 0.12
-1.8 0.02 0.01 0.00

Total* 1.6 + 2.1 + 1.2

Table 9

Plan B3 Dredging Volumes, Millions of Cubic Yards

River Mile North 1/4 Center 1/2 South 1/4

1.9 0.14 0.09 0.09
*.1.2 0.41 0.42 0.29

0.6 0.35 0.61 0.46
0.0 0.17 0.39 0.22

-0.8 0.25 .0.56 0.32

-1.3 0.11 0.19 0.12
-1.8 0.02 0.01 0.00

Total* 1.4 + 2.3 + 1.5

*Total in each table rounded to two significant figures.



Table 10

Plan FO Dredging Volumes, Millions of Cubic Yards

River Mile North 1/4 Center 1/2 South 1/4

1.9 0.08 0.00 0.00
1.2 0.42 0.18 0.06
0.6 0.44 0.62 0.43
0.0 0.19 0.64 0.46
-0.8 0.46 0.83 0.39

-1.3 0.19 0.29 0.13
-1.8 0.01 -- 0.00

Total* 1.8 + 2.6 + 1.5

Table 11

Plan Fl Dredging Volumes, Millions of Cubic Yards

River Mile North 1/4 Center 1/2 South 1/4

1.9 0.65 0.39 -

1.2 0.72 0.49 0.09
0.6 0.58 0.51 0.21
0.0 0.18 0.31 0.17
-0.8 0.21 0.47 0.28

-1.3 0.04 0.11 0.09
*-1.8 0.00 -- 0.00

Total* 2.4 2.3 0.8

Table 12

Plan CO Dredging Volumes, Millions of Cubic Yards

*River Mile North 1/4 Center 1/2 South 1/4

1.9 0.39 0.37 0.25
1.2 0.75 1.00 0.56
0.6 0.52 0.94 0.63
0.0 0.26 0.46 0.24
-0.8 0.33 0.61 0.33

-1.3 0.16 0.28 0.15
-1.8 0.12 0.16 0.07

Total* 2.5 + 3.8 + 2.2

*Total in each table rounded to two significant figures.
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Table 13

Plan Cl Dredging Volumes, Millions of Cubic Yards

River Mile North 1/4 Center 1/2 South 1/4

1.9 0.28 0.27 0.19
1.2 0.46 0.52 0.31
0.6 0.62 1.05 0.75
0.0 0.25 0.53 0.32
-0.8 0.35 0.62 0.32

-1.3 0.19 0.31 0.15
-1.8 0.11 0.14 0.07

Total* 2.3 + 3.4 + 2.1

Table 14

Plan C2 Dredging Volumes, Millions of Cubic Yards

River Mile North 1/4 Center 1/2 South 1/4

1.9 0.39 0.33 Not
1.2 0.69 0.89 dredged
0.6 0.51 0.77I
0.0 0.19 0.38
-0.8 0.28 0.56I

-1.3 0.16 0.281
-1.8 0.11 0.14

*Total* 2.3 + 3.4

Table 15

Plan 10 Dredging Volumes, Millions of Cubic Yards

River Mile North 1/4 Center 1/2 South 1/4

1.9 0.56 0.49 0.32
1.2 0.92 1.14 0.68
0.6 0.71 1.22 0.91
0.0 0.29 0.59 0.34
-0.8 0.39 0.72 0.35

-1.3 0.25 0.39 0.17
-1.8 0.19 0.23 0.08

Total* 3.3 + 4.8 + 2.8

*Total in each table rounded to two significant figures.



Table 16

Plan GO Dredging Volumes, Millions of Cubic Yards

River Mile North 1/4 Center 1/2 South 1/4

1.9 0.24 -- 0.00
1.2 0.61 0.51 0.29
0.6 0.58 0.95 0.71
0.0 0.28 0.57 0.41

-0.8 0.48 0.86 0.42

-1.3 0.25 0.39 0.18
-1.8 0.11 0.15 0.07

Total* 2.6 + 3.4 + 2.1

Table 17

Plan GI Dredging Volumes, Millions of Cubic Yards

River Mile North 1/4 Center 1/2 South 1/4

1.9 0.47 0.38 0.28
1.2 0.87 0.98 0.62
0.6 0.61 1.01 0.79
0.0 0.33 0.55 0.33
-0.8 0.41 0.84 0.54

-1.3 0.24 0.41 0.25
-1.8 0.21 0.29 0.13

Total* 3.1 +4.5 +2.9

Table 18

Plan G2 Dredging Volumes, Millions of Cubic Yards

River Mile North 1/4 Center 1/2 South 1/4

1.9 0.31 0.05 0.13
1.2 0.55 0.51 0.43
0.6 0.48 0.86 0.65
0.0 0.24 0.46 0.26

-0.8 0.37 0.74 0.43

-1.3 0.21 0.36 0.19

-1.8 0.14 0.18 0.08

Total* 2.3 + 3.2 + 2.2

*Total in each table rounded to two significant figures.



Table 19

Plan HO Dredging Volumes, Millions of Cubic Yards

River Mile North 1/4 Center 1/2 South 1/4

1.9 0.61 0.46 0.35
1.2 1.08 1.38 0.79
0.6 0.73 1.29 0.92
0.0 0.29 0.58 0.38
-0.8 0.49 0.89 0.45

-1.3 0.27 0.42 0.19
-1.8 0.16 0.19 0.09

Total* 3.6 + 5.2 + 3.2

Table 20

Plan HI Dredging Volumes, Millions of Cubic Yards

River Mile North 1/4 Center 1/2 South 1/4

1.9 0.62 0.37 0.35
1.2 1.15 1.39 0.84

*0.6 0.83 1.44 1.00
0.0 0.32 0.65 0.41
-0.8 0.56 0.99 0.49

-1.3 0.31 0.47 0.22
-1.8 0.17 0.21 0.09

Total* 4.0 5.5 3.4

*Total in each table rounded to two significant figures.
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